Abstract-Methods and instrumentation of own design and their application to the measurement of oxygen and CO 2 content in blood and respiration gases are discussed. Spectrophotometry, particularly double wavelength colorimetry using red light and IR light, applied to the measurement of oxygen blood saturation for in vitro examination and through an intravascular catheter for invasive in vivo study and by means of pulse oximetry for non-invasive in vivo examination are presented. The electrochemical methods applied to in vitro and in vivo measurement of oxygen in blood (amperometric method) and in respiration gases (amperometric and fuel cell methods) are discussed. The electrochemical Stow-Severinghaus method of CO 2 tension measurement in blood and CO 2 partial pressure in respiratory gases as well as the selective IR light (4.26 µm) absorption method and instruments of own design for CO 2 measurements in respiratory gases are also discussed. The methods and instrumentation described are very important for monitoring respiratory and circulatory function, particularly during artificial ventilation and circulatory support.
INTRODUCTION
During metabolism, mammalian tissue consumes oxygen and produces CO 2 . Oximetry (measurement of oxygen content) allows the evaluation of the ability of the lungs to oxygenate blood and the tissue to consume oxygen. Capnometry (measurement of CO 2 content) allows the assessment of the efficacy of lung ventilation and the ability of the cardiopulmonary system to eliminate CO 2 from the organism.
Oximetric and capnometric studies of blood and breathing gases are very important for the diagnosis and treatment of cardiopulmonary disorders, and allow the control of the course of treatment of severely ill patient [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] . Oximetry and capnometry are particularly important during artificial ventilation.
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OXIMETRIC METHODS
There are several parameters and methods used in oximetry [7, 8] . In blood oximetry the main parameters are oxygen saturation and oxygen tension, also called oxygen partial pressure. Oxygen saturation for normal arterial blood is equal about 97% and for venous blood 75%. The oxygen tension is 90 mm Hg (12 kPa) for arterial blood and 40 mm Hg (5.3 kPa) for venous blood [8] . In gas oximetry the main parameter is the oxygen partial pressure, which for air under normal conditions is about 158 mm Hg (21 kPa).
Blood oxygen saturation measurement
Blood oxygen saturation, also called oxyhemoglobin saturation, denoted sO 2 or SO 2 , (arterial, S a O 2 ; venous, S v O 2 ; pulse oximetric value, S p O 2 ) is determined as a percentage ratio of the amount of oxyhemoglobin (hemoglobin combined with oxygen Hb + O 2 ⇔ HbO 2 ) in the total amount of hemoglobin and can be expressed by the following equation:
The blood oxygen saturation can be measured both in vitro and in vivo. The standard laboratory in vitro technique for determining blood oxygen saturation is usually based on transmission spectrophotometry to differentiate oxygenated blood (oxyhemoglobin) from deoxygenated blood (reduced hemoglobin). In this method, the light transmitted through the sample depends on the relative concentrations of oxyghemoglobin and hemoglobin, and on the total amount of hemoglobin. The ratio of oxyhemoglobin to hemoglobin (sO 2 ) can be determined by analysis of the light intensity transmitted through the sample at different wavelengths [7] . Light of the selected wavelengths (two or more) is transmitted through a cuvette containing a blood sample. One of the wavelengths should be chosen so that the absorption factors of oxyhemoglobin and reduced hemoglobin are significantly different. Usually, it is red light with a wavelength of 660 nm at which the maximum difference in absorbance is achieved. In this method, the light transmitted through the sample depends on the relative concentration of oxyhemoglobin and hemoglobin, and on the total amount of hemoglobin. The other, reference wavelength (for the simplest double-wave instrument) is usually close to the isosbestic point (805 nm, near IR) at which oxyhemoglobin and hemoglobin absorb light equally. Thus, in this case the light intensity depends only on the total amount of hemoglobin. Comparison of both results of absorbance allows us to determine the sO 2 in the blood.
In simple double wavelength oximeters when reference light is of the isosbestic wavelength, the sO 2 in blood can be determined from the equation:
